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INtRoductIoN
Nanotechnologies represent a key revolutionary leap of the twenty-first century in technology and material science. A feature of nanotechnologies is that the processes examined and the actions completed occur in the nanometric range of spatial dimensions. The 'raw material' comprises individual atoms, molecules, molecular systems, and, unusually in traditional technology, micro-and macroscopic volumes of material containing billions of atoms and molecules. In contrast to traditional technology, nanotechnology is characterised by an "individual" approach by which external control reaches individual atoms and molecules, which makes it possible to create "flawless" materials with fundamentally new physicochemical and biological properties.
In the past decade, applied technology for producing nanocomposites -primarily layered silicates with a particle size of 1-100 nm -and different polymers has been actively developed. These new materials, by comparison with normal polymer composites, possess new improved physicomechanical, thermal, barrier, optical, and other special properties, and can possess increased chemical resistance, which makes them a new, commercially interesting class of engineering plastics.
In this work we investigated the possibility of modifying high-density polyethylene (HDPE) by mixing it in a melt with organoclays produced by treating natural layered aluminosilicates with amines or their complexes with acrylic or methacrylic acid, noted for a combination of high heat resistance and physicomechanical properties. By using acrylic and methacrylic salts, we hoped to act on the sorption capacity of the layered silicates to the surface of the polymers. To this end, the use of a large amount of organomodifier was inexpedient. To achieve the maximum possible effect of increase in the elastic modulus and strength of the nanocomposites, the optimum ratios of organomodifiers and clay are 5-20 wt%.
ExPERIMENtal
In the work, use was made of industrial high-density polyethylene with a molecular weight of 300,000. Nanocomposites based on polyethylene were produced by mixing in a melt of polyolefin and organoclay in a two-screw extruder at a temperature of 190°C.
The natural clay was modified according to patent RU2007128379 [1] .
Physicomechanical tensile tests of the nanocomposites were conducted on specimens in the form of dumb-bell testpieces according to the GOST 11262-80 standard. Tensile data were obtained at a temperature of 20°C and a speed of the moving clamp of the tensile testing machine of 10 mm/min.
To assess the heat resistance of the nanocomposites, the Vicat softening point was determined according to GOST 15088-83.
Specimens were cast in a closed compression mould at a temperature of 200°C and a pressure of 6-8 MPa.
The Shore D hardness was measured according to GOST 24621-91 on a Hildebrand HD-3000 hardness meter (model OS-2).
Electron microscopic studies were conducted on a Hitachi S 570 electron microscope.
Thermogravimetric analysis (TGA) of granular specimens was conducted on a MOM derivatograph in an air atmosphere at a heating rate of 10 deg/min in the temperature range 20-600°C, using Al 2 O 3 as the inert substance.
REsults aNd dIscussIoN
The introduction of the indicated organoclay in a quantity of 5 wt% into polyethylene leads to a 58% increase in the elastic modulus, a 13% increase in the yield point in elongation, and a 16% increase in the heat resistance, with retention of high elongation values at the yield point. Tests showed that the technical result is achieved in the case of introducing organoclays in a quantity of 1-15% into the polyethylene melt during stirring. The most preferred organoclay concentration is 5 wt%. Table 1 gives examples with a 5% content of organoclay in the nanocomposites.
The cause of increase in the elastic modulus and strength is probably connected with several factors [2-6]:
• increase in the degree of crystallinity;
• orientation of polymer chains in layers of the clay;
• blocking of the mobility of segments of the polymer by the layered silicates at the nano level;
• high adhesion interaction between macromolecules and organoclay.
As can be seen from Table 2 , increase in the heat resistance of nanocomposites from 92 to 96°C may be connected with increase in their degree of crystallinity [6] . Figure 1 shows that the hardness of nanocomposites increases with the introduction of an organomodified layered silicate into the polymer matrix as a result of the formation of anisotropic nanoparticles during exfoliation of the filler, which is probably connected with the resistance of the clay itself, which is a reinforcing element in the matrix [2, 3] . To confirm the results obtained, we used a transmission electron microscope. Figure 2 presents micrographs for PE-based nanocomposites.
An analysis of the micrographs enables us to conclude that silicate plates may act as nucleation initiators, and thus the size of the crystallites decreases, but the degree of crystallinity as a whole increases [2, 6] .
Thermogravimetric analysis established an 11°C increase in the degradation temperature for nanocomposites with a content of 5 wt% organoclay (Figure 3) . This is connected with the heat-shielding effect exerted on polymer macromolecules by the silicate layers [6] .
In contrast to the initial PE, nanocomposites degrade with the formation of coke residue, the amount of which depends on the organoclay content. The presence of coke residue indicates a more complex nature of the process of thermal degradation of the nanocomposites. Data from thermogravimetric analysis of nanocomposites are given in Table 3 . The complexity of the thermal degradation process may be the result of the fact that organoclays act as an initiator of coke formation owing to the barrier and blocking effects that they have on the volatile products formed as a result of thermal degradation, and other effects associated with change in the entropy of chains of macromolecules of the surface layers of nanocomposites [2, 5, 6] . Thus, the introduction of organoclay increases the heat resistance of the PE.
coNclusIoNs
A necessary condition for the achievement of high values of mechanical strength and heat resistance is an individual approach to each organomodifier of the clays. Thus, the nanocomposites obtained, through their high thermomechanical and physicomechanical characteristics, make it possible to reduce the thickness of articles while retaining their strength, which leads to a saving of material and to an improvement in quality and appearance, and also broadens the service temperature range of the articles. 
